This paper presents some preliminary results obtained from small-scale friction measurements from 25ºC to 200ºC on fused silica and 1018 low carbon steel surfaces. Friction transition phenomena were observed on the surfaces of fused silica and 1018 low carbon steel. The friction coefficient of the fused silica was found to be lower at higher temperature due to the material softening effect. However, the friction coefficient of the 1018 steel was found to be greater at high temperature which is likely the result of surface oxide formation.
INTRODUCTION
The tribological behavior of materials is a significant factor that needs to be considered in the design of machine components. Since most mechanical properties, such as yield strength and hardness, are temperature dependent, the interface of machine components operated at elevated temperatures may behave differently than at room temperature. In engineering applications, the surfaces of many tribological components, such as engine bearings, are subject to both environmental temperature and frictional heating. The latter is more at the asperity level and may result in a non-uniform surface modification. It is necessary to develop an understanding of small-scale material behavior at operating temperatures rather than at room temperature in order to explore effects on tribological properties.
EXPERIMENT DESCRIPTION
Over the past two decades, the nanoindentation/scratch technique has been widely used for measuring mechanical properties, such as Young's Modulus and hardness, and for investigating tribological properties of surfaces and thin films [1] [2] . However, most of the published data were acquired at room temperature. Due to the lack of appropriate instrumentation in the past, little high-temperature friction information for engineering materials is available in the literature. A recently developed nanoindentation system (NanoTest, Micro Materials Ltd, UK) enables high temperature operations of indentation and scratch ( fig. 1 ), where the specimen is mounted vertically, allowing the heated zone to be placed above the highly sensitive displacement transducer [1] .
This instrument was employed for both high temperature nanoindentation and nano-scale friction tests. In indentation mode, a current in the coil causes the pendulum to rotate so that the diamond tip indents the sample surface. In scratching mode, the specimen was moving parallel to the pendulum against the loaded indenter. Detailed operation procedures can be found elsewhere [3] . A normal load of 20mN was used for indentation and scratch tests. The scratch tests were conducted in a single pass mode using a Rockwell diamond indenter with a radius of 25 um. Before the high temperature test, the hot stage was heated to the target temperature and held at that temperature overnight to minimize thermal drift. During the test, the temperature was maintained at the constant target temperature with a tolerance of ±0.1ºC. 
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The materials used in this study were fused silica and 1018 low carbon steel. Samples of 1018 low carbon steel were grounded with a SiC paper down to 180 grit and then polished with 1µm diamond paste. The surface roughness before and after high temperature operation, given in Table 1 , was measured using a phase-shift whitelight interferometer. Because the Rockwell tip is made of diamond, ploughing may be the dominant friction mechanism when the tip scratched the sample surface. Interestingly, fused silica and 1018 steel have different friction as a function of temperature. Fig. 2 shows the friction coefficient of fused silica as a function of temperature. Generally, friction slightly decreases as temperature increases from 25ºC to 200ºC. This could be attributed to the softening effect at elevated temperatures so that the diamond tip underwent less resistance as it scratched the surface. It has been demonstrated elsewhere that the hardness of fused silica decreases as temperature increases [2] . However, the scratch friction coefficient for 1018 low carbon steel increased with temperature ( fig. 3) . It is speculated that a harder oxide film (iron oxide) might have formed at elevated temperatures, thus the diamond tip underwent higher resistance when it ploughed the hard oxide surface. Nanoindentation tests at room and elevated temperatures (200ºC) were also conducted. The hardness is 2.48±0.13 GPa and 3.96±0.28 GPa, respectively. The surface hardening and roughening effects due to heating are likely the reasons for the friction transition phenomenon observed on 1018 steel surface.
RESULTS AND DISCUSSIONS

CONCLUSION
Nano scratch tests were conducted to investigate the variations of friction coefficient of fused silica and 1018 low carbon steel. The preliminary experimental results lead to the following conclusions:
(1) For fused silica, friction decreases at elevated temperature due to material softening; and (2) For 1018 low carbon steel, a significant increase in friction was observed, which is likely due to surface oxide. 
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